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BUMBiIARY 

The  reseMch  described  in  this  report  wu  eondhioted  in  Plelku  Province,  RepuUte  of 
Vietnam  in  Januaxy-March,  1966  by  the  Forest  Service,  D^>artxne&t  of  Agriculture  under  tho 
q;)on8orship  of  the  Advanced  Research  Projecta  Agency,  DepartnMsnt  of  Defense.  Tbe  objoctivs 
of  the  research  is  to  determine  the  techniques  and  oondltiona  required  to  destroy  large  areas 
of  forest  or  Jungle  growth  by  fits. 

Factors  Affecting  Forest  Fire  B^avlor. 

Because  there  is  little  thermal  feedback  in  a  forest  fire,  Ita  oombustlon  Ixdiavtor  is 
greatly  affected  by  relatively  minor  changes  In  weadior,  fUsl  moisture  or  structure,  and  the 
pattern  of  ignition.  Each  of  these  fire  behavior  controls  was  studied  spcolfioally  for  the  central 
highlands  of  South  Vietnam. 

ForoBt  F<ra  Climste  of  ladochtna. 


With  t^e  exception  of  tho  eastern  half  of  North  VLctonm,  tho  climate  of  Indochina  is  such 
that  caacccuTul  forest inocudlaty  operatloaocan  bs  conducted  av^Tvvhoro in  tho  area  for  at  least 
a  short  period  each  year.  "Xho  poceiblo  fcurretij  cccr:  ja  may  ba  es  short  as  five  wedcs 
(Feb.  1-  Kerch  7  lat'-o  dr.lti  rcglcncf  Cotith  Vlc'ram),  or  no  losg  ns  jEisJ'.tcen  weeks  (Nov.  7  - 
b'r.vch  21  Incco-rcl  L^oa  midnoraicaDtcra'Ih.'vikr.d).  la  thecealral  lilghlandsof  South  Vietnam 
Cio  normal  ecacoa  for  fcuniit?g  j  from  mid  Dfoombar  to  rnid  £Ij.rob. 

Forp-;t  Fira  V/t-t'hc?  f’t  \ 

Fwonblobc.''rii,;  ! 

hliO  f.'.varo.blo  v.cit'-  :.r  c 

tliO  r-'F-'J*''’ frorA  C;3  !  • 

Uf;ar.I’y  follotvj  ilia  c!  v.  i.c  ^ 

Dvxinj  f’eso  favorebJo  pffrioua,  roL'tivo  humldiUos  in  tho  Central  Highlands  can  be 
expc'Otod  to  roach  mlaiiimm  values  below  40%  (occaolosuiUy  below  S0%)  with  maximum  air 
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t«inp«imturei  setr  or  exceeding  100*F.  Such  hot,  cloudleM,  relettve^  diy  cowlItteM  ere 
necoiMry  for  cueceesful  burning  operetionek 

VegeUtion  of  South  Vietnam. 

Becauae  of  die  mixture  of  sites  and  species,  combined  with  the  effects  of  shifting 
agriculture  on  the  original  forest  stands,  the  vegetation  of  South  Vietnam  is  extremely 
heterogenous  and  complex.  About  the  only  generalizations  possible  in  relation  to  burning  are 
that:  (1)  Dwarf  mangrove  is  unsuitable  for  incendiary  operations;  (2)  Woodlands  with  a  high 
proportion  of  deciduous  species  should  be  either  burned  early  in  the  dry  season  or  avoided; 
(3)  Dense,  multistoried  forests  have  only  marginal  amounts  of  ground  fuels  unless  small 
openings  are  present  to  provide  "edge"  effects;  (4)  Bamboo  sites  bum  poorly;  (5)  Intermediate 
forests  with  mixed  tree  sizes  and  a  high  proportion  of  evergreen  species  are  optimum  sites 
for  forest  inoendlaxy  operations. 

Fuol  Treatment. 

Intensive  observations  were  made  ontwo  forest  sites  sprayed  with  Orange  defoliant.  Both 
sites  were  immediately  adjacent  to  the  Duo  Co  Special  Forces  Camp.  Ono  was  [grayed  in  late 
November  (before  the  onset  of  tho  dry  season)  and  the  other  in  late  January  (In  the  middle  of 
the  dry  ocason).  Ihe  November  spray  resulted  in:  (1)  9S%  mortality  of  leaves  within  8  weeks 
of  spraying;  (2)  S0%  leaf  fall  from  the  upper  and  middle  canopies  an/i  50%  leaf  fall  from  the 
understory.  (Leaf  mortality  is  absolutely  neoossary  for  cucceet’ful  burning,  leaf  fall  is  highly 
undesirable.)  In  contrast,  tho  January  spray  resulted  in:  (1)  Only  60%  leaf  mortality  within 
6  wee!<s  of  spraying,  but  (2)  only  20%  over'all  leaf  fall. 

On  n  21  cqiiare  kilometor  area  at  Chu  I^ng  Mountain,  17  kilometers  south  of  Duo  Co,  a 
late  Janviary  -  early  Fcbru''.ry  cpr?y  eperutioa  alco  resulted  In  about  60%  leaf  mortality  wltliln 
six  weeks.  Ticro  data  to  cntablieJi  whether  these  p-oor  reeultawere  dueto  season 

of  apjdlcation,  spscics  of  vcLiotation,  or  mecIiaiUcal  application  difficulties  duo  to  rough 
topogr-aphy. 

Fuel  T.Toicb:ro. 

Two  iviindred  forty  two  fuclmoloture  saropliiswero  collected  at  the  Duo  Co  sites  In  order 
to  dc-iornvlno  tho  Arfects  of  weaUier,  foci  treatment  and  time  of  day.  Wo  found  that:  (1)  Tho 
moisture  content  of  groan,  uneprayed  foliage  averaged  185%  (dry  weight  basin),  much  too  high 
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for  bomias  to  bo  poiilblo:  (I)  llio  ttaTtog  roto  of  ottocooilbUy  ^>nyed  foliago  U  oxtromoljr 
rapid.  Leaves  ehlch  were  ktllod  loot  •$%  of  fhelr  noiaturt  vdttila  10  days  of  apraylngt  (9) 
Dxylng  rates  fallowliif  rain  were  Alao  unexpeotedly  rapid.  Leaf  litter  redrted  in  leas  than  14 
hours  foUowlnK  a  0.04  iaoh  shower,  and  in  lose  Oum  48  hours  after  a  0. 27  inch  rain;  (4)  Fine 
twigs,  which  make  up  two  thirds  or  more  of  the  avallablo  fuel,  were  not  sufficiently  dessicated 
by  the  Orange  spray  treatment.  A  monOi  after  spraying,  twig  moisture  was  90%,  too  wet  for 
acceptable  bumlng. 

Fuel  yiammabllttv. 

Samples  of  Vletiumese  fuels  were  ooUected  at  Duo  Co  and  sent  to  the  Northern  Forest 
Fire  Laboratory  for  analysis.  Heat  content  and  ignition  times  were  similar  to  those  for 
standard  forest  fuels  of  the  U.8.  However  the  heat  release  rate  of  the  Vietnamese  fUels  was 
only  75%  of  the  standard,  and  flame  heights  only  60%. 

tenition  Pattern  and  Fire  Briiavlor. 

The  21  square  kilometer  test  site  at  Chu  Pong  was  burned,  8tartl;)g  at  1400  on  March  11, 
1966.  Fourteen  thousand  five  hundred  thirty  ftve  ignition  points  were  laid  down  in  a  20  minute 
period.  Ihls  calculated  spacing  proved  to  be  too  low.  Later  analysis  showed  that  fire  inter¬ 
action  occurred  only  when  ignitions  occurred  within  90  feet  of  each  other.  Twice  as  many 
inoendlarles  were  needed  as  were  used. 

Fires  did  merge  in  areas  with  exceptional  concentrations  of  inoendiariea.  Tho  reeulting 
fire  buildup  progressed  as  predicted  with  peak  burning  reached  in  approximately  35  miiHitea, 
Ihe  reeulting  convection  column  reached  22,000  feet. 

Although  a  total  of  39,000  (ono  of  vegetation  were  burned  within  tlie  firet  hour,  orown 
removal  v.-aa  not  satisfautozy.  Iho  fire  burned  about  25%  of  tho  total  available  fuel,  but  only 
about  10%  of  tho  ovcrctory  crown  cover.  Tho  combination  of  too  widely  spaced  Ignitions,  high 
twig  moistures,  and  only  s  €9%  eficotive  defoliation  effort  kept  the  fires  on  the  ground. 

Recommendations. 


Foreot  incendlaxy  op;  ntione  planned  for  tho  Ropubllo  of  Vietnam  in  1967  sliould 
essentially  follow  the  same  gu>*j«UiK'S  used  in  except  that: 
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1)  qpngr  opvratioiM  uttag  Onai#  Aould  b«  parforiMd  bafbr*  th«  4Mat  ol  Um  dqr 
msoo, 

S)  WheiMYtr  potslbto,  areta  treated  wlft  Oraage  ahould  be  re^)ni)red  «idi  Bbw  or 
Black  about  10  dijra  before  the  planned  buxalac  date. 

S)  Ordnance  requirements  ahould  be  baaedon  obtalniiy  at  least  one  ignitioa  per  8000 
square  feet  of  forest  area. 

4)  lbs  number  of  drying  days  needed  betvwen  the  last  rain  and  TOT  can  be  reduced  to 
3  days  followlrg  rains  cf  0.3  inches  or  more  and  1  day  foUowlng  rains  less  tiuui 
0.2  inch. 
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DaSepterobar,  1965,  CXKCPAC  requested  that  the  Jdlot  Chlefe  of  Staff  take  action  to 
expedite  the  development  of  a  device  capable  of  destroying  Urge  arena  of  Jua^Tle  or  foreat 
growth  by  fire. 

In  December,  1965,  the  Joint  Chiefs  of  Staff,  by  JCSM-B62-65,  requested  the  8e>nretary 
of  Defense  to  initiate  programs  to  determine  the  feasibility  of  dehydrating  Jungle  growth  vn  the 
point  where  such  material  would  support  combustion,  and  to  initiate  development  ofopeiatloiwl 
means  for  determining  the  speclflo  Jungle  conditions  under  which  there  la  the  greateat 
piobabllltjr  of  ^stroying  jangle  or  fbrest  growth  by  fire. 

The  Branch  cf  Forest  fire  Research,  Forest  Servloe,  offered  to  assist  In  the  conduct  of 
research  designed  to  answer  the  questions  posed  by  JCSM-862.  The  Forest  Service  suggested 
a  two-phase  program. 

Phase  I  would  be  centered  around  an  operational  field  test  to  be  conducted  hy  the  armed 
forces  In  South  Vietnam.  Ihe  objectives  would  be: 

To  provide  technical  advisory  service  to  the  military  units  responsible  for  con¬ 
ducting  the  operational  test. 

To  upgrade  existing  Informatioa  on  fiicl  and  weather  potential  for  area  Inoendlary 
<q)eration8  in  South  Vietnam,  and 

To  determine  by  Instrumented  field  trials  the  rate  of  dehydration  of  Jungle  growth 
following  desiccant  application nnd other  characteristics  of  fuels  and  microclimate 
that  affect  the  buildup  endbebavloroffire  under  South  Vtctnameeo  Jucglo  conditions. 

Phase  n  wuld  beathrce-U-flve-ycar  research  program  designed  to  specify  criteria  tliat 
vdU  in(rjreopcr&tloQallyuscfultc<;liidque8forforeatiiK;cndiaxy  operntlonB,  applicable  to  major 
forested  areas  of  Uie  world. 

Tbe  Advanced  Research  Projects  Agency  initiated  Fitaso  1  of  the  proposed  Forest  Service 
program  on  December  20,  1605,  under  ARPA  order  No.  018  (Project  EMOTE). 
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A  ftv»>mui  tMm  of  forest  fire,  reuNirch  epeelalteta  moved  to  South  Vietnam  on  January 
15,  1555,  and  returned  on  March  1$,  1555.  Thie  report  autnmarlaea  the  findlnga  and  oon- 
ohisleneof  ProJeet  EMOTZ,  Thasel. 

FACTORS  AFFECTINQ  FOREST  nRE  BEHAVIOR 

Essentially,  a  forest  fire  Is  merely  the  free  space  coirJxistlon  ct  several  cellulosio 
solids.  * 

Forest  fires  differ  from  more  familiar  combustion  reactions  such  as  4hose  in  fUmaoes, 
engines,  or  even  fireplaces,  in  that  they  ocoi;r  in  free  space  without  confining  walls.  This 
means  that  most  cf  the  radiative  and  convective  energy  is  lost  to  the  oorobuction  syctem.  With 
little  thernuU  feedback,  a  forest  fire  le  always  in  a  delioate  stats  of  balance,  capable  of  being 
greatly  accelerated  or  greatly  retarded  by  relatively  minor  changes  In  combuatics  conditions. 

Forest  ftros  also  differfromnioslconunoncombustion  phenomena  because  th^  originate 
ss  a  fuel  controlled  procass,  grow  into  an  oigrgen  controlled  phase,  and  then  often  alternate 
between  the  two  seta  of  controls.  The  effect  of  a  change  in  any  parUoiilar  variable,  such  as 
fuel  moisture,  depends  on  which  regime  the  fire  is  burning  in  at  the  time. 

Ihese  characteristics  of  forest  fires  make  it  difficult  to  present  a  simplifiedl  discussion 
of  the  factors  that  govern  forest  fire  behavtor.  Instead,  the  process  is  described  stepwise— 
from  ignition  of  an  individual- fuel  element  to  development  of-'dmass  fire  occupying  a  volume  of 
several  cubic  miles  (see  Appendix  A,  Volume  11). 

This  doeorlptiun  of  the  fundamental  process  shows  the  Importance  of  minor  changes  in 

# 

several  factors.  The  volume  cf  fine  fuel,  its  ratio  of  surface  area  to  volume,  and  its  structural 
arrangement  in  tiaefuol  bed  arecritlcal  in  l{;nltlon  and  in  buildup  of  the  fire.  Moisture  content 
of  the  fine  fuel  greatlj'nffccis  the  productlonorvol'-'.'iltsc  atiguiticn,  thoheat  lous  during  burning, 
the  flammability  limits  for  the  combu^^tiblo  genen,  VxA  ilnivio  temperatures  attained  v/hon  the 
gases  k.rtt  ignited.  Relative  humidity  largelj'  cclernvJjsca  molibiro  content  of  fine  fuel.  Solar 
rsdietion  reduces  the  fuel  moiciure  contout  by  tcjnr'craluro  of  the  fuel  aurfaco; 

radiation  also  is  an  important  heat  source  Utat  iic'da  to  combeation  cffloicnoy.  Wind  changes 
tlte  o;iygen  supp^  and  flame  angle,  thus  greatly  affecting  buildup  and  spread  of  fire. 
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Information  on  -certain  of  these  factors  was  obtained  during  Phase  I  in  ^^etnam.  Ihe 
oomprdiensive  research  program  proposed  for  Phase  n  will  develop  better  criteria  for 
evaluating  the  factors  that  determine  burning  characteristics  of  Jungle  fuels. 

RESULTS  AND  CONCLUSIONS— PliASE  1 

FOREST  FIRE  CLIMATE  OFINPOCllINA 

For  most  of  Indochina  (Ihalland,  South  Vietnam,  Cambodia,  the  southern  portions  of 
Laos  and  North  l^etnnm  except  for  the  nox^em  interior  regions)  the  climate  is  monsoonal  in 
nature  (Tropical  Savannah  or  Koppen  Type  Aw).  It  is  characterized  by  two  major  reasons:  the 
wet  southwest  monsoon  from  May  throu^  September,  and  the  dry  northeast  monsoon  from 
November  through  early  March  (Fig.  1).  The  climate  during  the  transitimi  periods  (March- 
Apzil  and  Scptenibcr-Octobor)  varies  with  distance  fxom  the  coast. 

In  the  nordiem  interior  of  lAoa  and  North  Vietnam  the  climate  is  more  continental  la 
character  (Koppen  Typo  C  Wa  or  Warm  Temperate- Winter  Dry).  Here  the  changes  are  less 
abrupt  and  rainfall  is  more  evenly  distributed  throu^ut  the  year. 

Excellent  detailed  coverage  of  climatic  patterns  for  Southeast  Asia  in  general  and  South 
Vietnam  in  particular  have  been  prepared  by  the  U.S.  Air  Force. 

Using  these  climntio  data,  it  is  possible  to  calculate  the  number  of  days  in  anj*  month  at 
any  location  when  forest  Incendiaiy  operations  are  possible  under  stated  weather  conditions. 
Tills  was  done  for  15  statlozis  in  Thailand,  Laos,  Cambodia  and  Vietnam.  The  results  are 
shown  In  figures  2  to  11.  Using  the  same  criteria,  it  is  also  possible  to  determine  the 
probability  for  puccces  of  an  Inoendinry  mission  contluctod  against  a  randomly  selected  target 
on  a  randomly  colcotcd  d;iy  of  Uio  month,  Thesa  data  are  listed  in  Table  1.  Using  a  modified 
Markov  chain  mr.trlx,  v/e  b.avo  alco  calculated  the  probaJjlllty  that  at  least  one  of  "x”  selected 
tai'geis  will  be  eultcblo  for  burning  witJiIn  ”y”  ^ays  of  any  given  date.  A  sample  of  the  com¬ 
puter  print  out  is  shov/n  in  figure  12.  The  criteria  and  methodology  used  for  these  anolj'ses 
and  a  complete  listing  of  data  are  presented  in  appendix  E,  in  Volume  n. 

As  imp  roved  critorl..  arodovelopcd,  the  programs  will  be  rerun  toprovide  more  accurate 
assuusmontof  the  forest  Incendiary  potential  ofpartlcular  areas  of  Interest.  Extension  of  this 
wr  .k  will  be  accomplished  errly  In  Phase  II  of  Project  EMOTE. 
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FOREST  HRE  WEATHER  IN  SOUTH  VISIVAII 

71ie.elliaaHe  analyiei  showed  that  meqy  days  havtiig  the  weather  oondltloiia  presortbed 
for  suoeeesful  forest  toeendlaiy  operations  occur  la  much  of  South  Vietnam  during  the  period 
from  December  t  to  March  16.  Inspeotlonof  daily  weather  records  showed  that  these  favorable 
^burning  days  often  occur  in  groups,  usually  preceded  by  short  periods  of  drying  weather. 

A  synoptic  scale  study  was  made  to  determine  whether  certain  weather  Influences  of  the 
northeast  monsoon  season  are  associated  with  short  periods  of  high  potential  fuel  flammability. 
Knowing  that  hot,  dry,  relatively  cloud-free  days  provide  optlnoum  burning  conditions,  we 
searched  selected  past  and  current  synoptic  records  for  general  weather  patterns  that  provided 
this  type  of  day.  We  found  that  the  most  desirable  synoptic  situations  are  those  that  produce 
subsidence  over  the  areas  concerned.  One  such  weather  pattern,  which  occurred  eeveral 
times  In  January  and  February,  1960,  is  described  briefly  below.  Its  drying  effect  is  usually 
limited  to  the  Central  Highlands,  TransiHon.  and  Delta  regions*. 

1. 


2. 

3. 

4. 

5. 

6. 


A  surge  (oudireak)  of  cool  air  moves  south  or  southeastward  from  the  oeml- 
permanent  high  pressure  ^etem  located  In  or  near  northern  China.  This  surge 
usually  occurs  behind  a  cold  front  that  moves  from  the  South  China  coast  to  the 
Philippines.  A  pressure  ridge  orlentcdnorth-south  or  northeast-southwest  follows 
tho  front.  Hie  front  ueuefly  becomes dlff^i^e  anducuafly  disappears  before  reach¬ 
ing  Saigon  and  the  Delta  region. 

Anortlieact  flowucuallyprc-cedcsand  foUowstho  surge,  with  directional  divergence 
over  tho  Republic.  An  elongatedhlgh  pressure  ridge  at  the  surface,  with  Its  center 
lino  orlenlcd  H2-GvV  or  N-S  along  tho  ccact,  accompanies  tho  streamline  flow. 

The  desired  drying  conditlcns  occur  one  or  two  ckys  after  a  surge. 

Two  to  four  days  alfsr  .a  curge  tho  drslrod  position  wind  spsod  divergence  occurs 
over  the  rud  aJTccts  Eilgon, 

Tuo  fourih  or  fifir.  after  u  nurgo  may  or  in.uy  not  Iiavo  favorable  weather  con- 
diaor.3  for  . I '5  (lopeuda  on  wind  c?3c-d  and  direction. 

By  tho  e-zy  D-.o  rurfaco  rldgo  begins  to  bresJt  down  or  move  eastward.  This 
results  In  a  Eou;'het\r.torIyflow  over  Vietnam.  Sufficient  moisture  la  then  advected 
Inknd  to  produce  cloucilnesa  end  scattered  showers.  The  period  then  ends  as  a  new 
surge  begins  to  form  on  the  seventh  day. 
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Hits  txampl*  ilhiftntei  the  i^eeeltjr  of  ooMidertng  weather  pattema  when  eehediilli^p 
burning  operationi.  It  aleo  eervet  to  point  out  tho  need  for  Ibrther  rceearoh  of  aynoptle 
pattema  affecting  RVN  throuihout  die  year.  Weather  radar  ippeara  to  ua  to  be  a  vahiabla 
reeeareh  tool  in  thia  oonneotlon. 

m  addltionto  theeynoptio  atudyabove,  we  made  nieaeurenxentaof  the  mlorocllmateinBlda 
and  outside  the  Jungle  canopy.  This  work  was  done  at  Duo  Co  in  the  Central  Hl^lands.  Of 
greatest  interest  here  are  the  air  temperature  and  relative  humidily  vahies  measured  under 
Jungle  canopy  within  six  inches  ot  the  ground  surface*  We  found  that,  while  relative  humidity 
values  occasionally  reached  minima  near  25%,  the  most  oonunon  low  dally  values  fell  between 
34  and  39%.  The  minimumvaluea  usually  occurred  between  the  hours  of  1330  and  1430  L.8.T. 
The  maximum  air  temperature  here  always  exceeded  96"?  and  occasionally  exceeded  110"F. 
The  nuudmum  temperature  values  occurred  at  about  the  same  time  of  day  as  the  minimum 
relative  humidity. 

A  graphic  illustration  of  diurnal  variation  in  relative  humidity  and  tenoperature  shows 
why  incendiary  operations  should  commence  as  close  to  1400  as  possible  (Fig.  13).  Before 
that  time,  temperature  is  rising  and  relative  humidity  is  falling  rapidly.  On  or  about  1400  both 
are  at  their  optimal  point  for  good  burning.  Shortly  after,  a  reverse  situation  occurs  and 
chances  for  an  effective  bum  are  reduced  rapidly. 

VEGETATION  OF  SOUTH  VIETNAM 

The  vegetation  of  Vietnam  is  far  from  a  homogeneous  fuel  type.  It  Includes  several 
broad  vegetation  typos,  each  being  a  complex  mixture  of  many  species  in  associations  that  are 
adapted  to  specific  site  conditions.  Adding  to  this  compla'dty  arc  the  effects  of  man'a 
activity—principally  the  temporary clcarir.g  of  Jimgle  for  shifting  agricultural  use— which  has 
left  tho  vegetative  cover  on  many  areas  in  a  secor.dary  stage  of  development  ranging  from  open 
savannah  to  donco  woodland  scrub. 

A  delalled  forest  map  of  Vietnam  w^uld  give  the  best  overall  picture  of  the  vegetative 
cover.  Guch  a  map  chows  the  Iccetions  of  broad  vegetation  types,  such  ao  moist  forest, 
secondary  forest,  mixtures  of  tho  two  typos,  dry  Dipterocarpus  forest,  semi-deciduous  forest, 
pine  forest,  oiid  tree  or  shrub  savannah.  But  the  burning  potentials  of  forest  areas  are  most 
variable  within  a  broad  type.  From  aorial  reconnaissance  in  Central  Vietnam,  it  was  not 
possible  to  assign  a  single  fuel  rating  to  the  vegetation  on  any  large  block  of  land  within  any  of 
these  broad  forest  types. 
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A  •tmpUfled  oUatlfloitloa  fhoaUI  b«  uced  dcMrtbt  lhtv«|etatlv«  oovtr  m 

•ay  am  oottsldered  for  Inirnlaf .  Hit  olataoa ‘aaot 

* 

1.  Doom  forett— ’lypleaUy  haa  a  taMiltl-atorlod  oanepgr  doninatcd  Iqr  avorgraaa 
•peolea. 

2.  Woodland— UiuaUy  haa  ala^o  canopy  atrueturo  domlnatod  by  deolduoua  apeoioa. 

8.  Intormediata  foreBt*-Often  ia  degraded  denae  foreat,  but  alao  Inoludea  complex 
mlxturea  of  denae  foreat  and  woodland. 

4.  Woodland  acrub— la  an  early  aueoeaaional  atage  alter  temporary  olearlng  d 
Jungle,  with  denae  ahrubby  vegetation  and  varying  amounta  of  tree  uanopy. 

5.  Savannah  (tree  or  shrub)— Refera  to  Jungle  areaa  that  have  been  repeatedly 
cleared,  with  an  herbaceous  cover  and  scattered  trees  or  shrubs. 

These  general  types  have  been  combined  aia  shown  in  Figure  14. 

Classification  and  evaluation  of  these  broad  forest  types  can  best  be  done  from  aerial 
photography,  using  techniques  specially  developed  for  this  purpose.  But  aerial  photographs  do 
not  provids  Information  on  ftiel  distribution  beneath  the  top  canopy.  During  Phase  I  we  relied 
on  ground  observations  to  obtain  this  information,  m  Phase  H,  remote  sensing  techniques 
such  as  aide-looking  radar  and  multi-band  sensors  will  be  investigated  since  opportunities  for 
ground  observation  in  hostile  territory  are  limited. 

Poscibilitics  for  ground  observations  in  Vietnam  during  Phase  I  were  too  limited  for 
good  evaluation  cf  the  lower  story  vegetation— the  critical  fuel  for  building  and  auatalning  an 
effective  forest  fire.  Aerial  observation  indicated  tlmt  certain  degraded  Jungle  types  contain 
adequate  volume  of  low-growing  vegetation  to  support  a  firo,  and  that  diia  vegotadon  has  good 
horizontal  end  vertical  continuity.  The  dsnso,  often  multi-storied  Jungle  haa  good  horizontal 
contlnul^  of  orov/ns,  .but  a  fow  ground  oboervations  indicate  that  volume  and  continuity  of 
burnable  ground  htel  nvay  bo  bonlarline. 

Bec&uco  ground  fuel  oonc-ticno  rr\?y  be  xrarglnnl,  research  during  Phase  n  sliouldbe 
coDoontrated  on  tiis  lower  uioiy  vccctt  tlon  raUicr  than  on  the  upper  canopy  layers  which  were 
of  moro  Importance  In  d'ifollation  cijUiofi.  Dovolopmont  of  tlio  moet  effective  desiccation 
treatment  for  theno  underctory  rbrubo  is  irnparatlvo.  Tlio  trontment  may  Involve  application 
of  moro  iaiiii  oao  horbicido,  psirh?.p3  in  conibi suit  Ion,  to  obtain  nmlntum  destcention  of  all  the 
plants  in  tlio  ground  cover.  26 
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A«rUl  obienratlon  Indloate*  tfMt  om  fortit  (yp«— aorub  naaftovt^it  a  poor  apaolaa 
for  burniog.  Oround  vofotatloii  ta  laoktof •  or  flia  Uroaa  aotaaUy  grow  ia  watar,  and  lUal 
continuitj  la  poor.  Foxtuaately,  howarar»  fhla  tjrpa  can  uauaUy  ba  ramoved  adaqiiataly  Iqr 
harblclda  traatmant  alona. 

FUEUlATDt»OCO 

Fuel  Btudlea  ware  made  at  a  alta  selected  In  the  Central  Hls^lands  about  17  kilometera 
from  the  large  scale  (^rational  trials  (Fig.  16).  ‘Iha  studjr  site  was  near  the^>eoial  Forcea  A 
team  camp  at  Due  Co,  located  on  gently  rolling  terrain  at  an  elevation  of  approximately  ISOO 
feet. 


Ihe  Jungle  vegetation  was  a  degraded  moist  forest  elasslfled  as  "intermediate  forest". 
It  was  similar  to  discover  on  parts  of  the  large  operational  trial  area.  Structurally,  the  vege¬ 
tation  resembled  a  dense  hardwood  thicket.  The  overstor^r  (dominant  trees)  ranged  from  20 
to  30  meters  in  height  and  consisted  mainly  of  species  in  the  Lauraceas  family,  litsea 
lanolllmba  was  a  common  species.  Vines  and  tree  stems  with  few  btanches  occupied  the  10 
to  20  meter  level.  The  entire  crowns  of  a  few  opeoies  occurred  within  this  level.  The  lower 
level,  particularly  from  the  ground  to  2  meters,  was  heavily  populated  with  saplings,  shrubs, 
and  vines,  but  foliage  was  not  exceedingly  dense  (Fig.  16).  Ground  litter  was  composed 
alxnoet  entirely  of  dead  leaves  dint  had  dropped  during  the  dry  season. 

Tael  Treatment 

Fuel  meaemrements  cud  orlticcl  observations  were  made  on  two  study  areas  treated  at 
different  times: 


1.  Kovemhnr  err.?.— S'jrayod  In  lato  November,  10G5. 

2.  Jai'.u.-’.ry  crf-c.— C.a'Aycd  c  n  Juiuary  24,  1CS3. 


The  dsclc'j''.U:n  tr 
standard  d?fcli 


vMch  l3  cfic,itlr4  btdora  burring  Junsl©  fuels,  \v&o  (ho 
at  sp.’Jc  1  by  aerial  eprsying,  Vicual  offocto  of  tho  eprcylng  were: 


Wovemhor  area— Mont  of  the  vegetation  was  brown  In  color  wlicn  first  observed  on 
January  21.  When  fuel  oamplirg  Gtertod  on  February  2,  leaf  mortality  was  estimated  to  be  In 
excess  of  95  percent.  Appxx>.xlirujtcly  80  poroent  of  the  leaves  in  the  upper  and  middle  canopy 
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Figure  16 

LOWER  VEGETATION-DUC  CO  TEST  SITE 
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laytri  luid  fallen.  Ihe  lower  vefetatlon  still  held  80  percent  of  its  Istfsge,  whldi  was  browa. 
Only  an  oooasionil  woodjr  plant  retnaJned  green  and  apparently  unaffeoted  by  the  spray  treat* 
ment  (Fig.  17)« 

ibe  appearance  of -the  vegetation  ontiiis  area  remained  aboutthe  same  until  theend  of  die 
sampling  period,  Fdl>niatyl5. 


January  area~~Vegetatioh  reaction  to  the  spray  treatment  was  much  more  limited  on  this 
area.  The  apparent  reason  was  that  the  treatment  was  an>lied  a^er  most  plant  growth  had 
ceased;  leaves  of  deciduous  species  on  nearby  areas  were  already  turning  brown  at  the  time 
this  area  was  sprayed.  ' 

By  February  .2,  the  leaf  mortality  was  estimated  at  about  40  percent  throui^out  the  canopy, 
with  about  10  percent  overall  leaf  fall.  By  February  25,  the  estimated  leaf  mortality  inoreased 
to  60  pcicent,  and  the  leaf  fall  to  2o\>ereent.  htany  plants  in  the  upper  and  lower  canopy  layers 
remained  green  and  api^arently  unal^^ted  by  the  spray  treatment  (Fig.  17) 

Fuel  Moteture  Content 

Measurements  of  ftiel  moisture  ^rixg  February  provided  basic  isformstiou  for  better 
understanding  of  lael  characteristlca  in  Vietnam  Jungles. 

Moisture  eamples  wore  taken  on\lS  days  during  the  period  February  8-28.  On 
each  sampling  sortie,  s  samplo  of  fUcl  components  was  taken  at  each  of  two  sampling  plots  In 
the  two  treatment  areas.  Vegetation  on  sarnpUngplots  was  soleoted  as  beingtyptoal  of  the  ares 
ss  s  vdiole.  Tile  components  selected  for  sampling  in  each  plot  also  were  typical  for  the  plot. 

Fuel  components  sampled  on  each  plotVerei 


Dry  leif  litter— *11118  Uttor  inoluocd  the  full  depth  of  tho  leaf  layer  made  up  by 
browa  leaves  from  tho  current  leaf  crop. 

8.  I>3id  ’K’.ggo  ymro  pa  current  brown  leaven  still  attached  to  the 

stonis  v/itit!a  cary  reach.  \ 

”Dc"n'*  tv^PTfi— "ruPEo  twi«;3.  approxAuatoly  X/2  inch  In  diameter,  were  the  twigs 
with  (load  loaves  or  from  wiUch  the  Ic^vee  had  recently  dropped. 
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4.  Green  attuchtd  Itvei  (Mmpl«fl  only  on  the  Mnrch>spniye4  tlrEM)~1heM  from 
lenvet  woronpparcntly  unafCootod  by  tho  oprny  troataont. 

5.  ”Uve'*  twtaa  (only  on  March  aroa)— Ihoao  twlga  of  1/2-lnfch  cUametor  woro  from 
branches  apparently  unaffected  by  the  q>ray . 

A  few  samplea  were  taken  from  the  outer  tissues  of  the  stems  of  both  "dead"  and  "live" 

» 

trees. 


Most  samples  (210  out  of  242)  were  collected  between  tho  hours  of  1200-1430  to  tie  down 
the  range  In  moisture  content  during  the  part  of  the  day  recommended  for  conducting  inoendiajy 
operations.  Tiie  other  sainples  wore  taken  at  approximately  0900  and  1700  on  FAruaiy  21  to 
determine  the  rbte  of  drying  after  a  thundershower  during  the  previous  evening.  A  total  of  242 
bags  of  samples  were  collected  to  provide,  as  far  as  possible,  the  neeessacy  -data  on  ftiel 
moisture  content  (Fig.  18).  > 

Eaoh  sample  was  weighed  soon  after  collection  in  the  field.  Inter  it  was  dried  in  an  oven 
at  100*C  until  it  reached  constant  weight.  The  ntoisturo  content  was  calculated  as  a  percentage 
of  oven  dry  weight  (ODIV).  For  example,  a  sample  with  a  field  weight  of  50  grams  Md  an  ODW 
of  26  gMms  was  considered  to  have  a  108  percent  moisture  content  in  the  field  x  100 

>  100%  >.  Checks  of  sample  weights  by  xylene  distillation  showed  tliat  satisfactoiy  determina¬ 
tions  were  obtained  by  the  oven  dxyliig  tefjhnlque. 

Litter  and  Dead  Attached  Leaves 

The  d.ata  show  no  marked  trends  in  moisture  content  of  the  dead  leaf  litter  and  the  dead 
attached  leaves  (figs  19  and  20).  During  the  middle  of  tho  day,  for  all  roln-freo  days  preceded 
by  a  dry  day,  tho  moisture  contents  of  most  camples  werebetween  7  and  15  percent.  For  days 
preceded  by  lirjiit  rains  the  moieturo  contents  ranged  from  17  to  37  percent.  The  leaf  litter 
averaged  10.0  percent  fortlio  Kovercbar  arcaand  12.7  for  tlio  Jaiwary  area.  For  the  attached 
dead  leaves  tho  figures  v/cre  12.2  percent  for  die  November  area  and  10.0  percent  for  the 
January  area.  Diffcrei^cos  beiween  areas  may  have  been  caused  by  sampling  error,  although 
observations  indicated  that  moiehiro  conteui  of  jitter  on  tho  January  area  could  well  have  been 
higher  because  of  greater  ohading  frona  green  tree  canopy. 

The  above  results  have  important  implications  in  conducting  incendiary  operations  in  the 
Central  Highlands,  They  showthat  dead  leaf  fuel,  eitlier  att<achcd  to  tlic  trees  or  in  the  ground 
litter,  reached  a  low  moisture  content  soon  after  they  turned  bro\vn.  Extending  the  drying 
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r^OlSTURE  COf  JTEf4T  OF  DEAD  LEAF  LITTER 
ON  TWO  TREATED  AREAS 
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fJlOISTURE  CONTENT  OF  DE.  TTACMED  LEAVES 
Or^  TOO  TREATED  AREAS 
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period  through  Fcbxunijr  did  not  nuterUliy  lower  ttelr  mojiture  e<atent.  Tlila  iadtoetee,  m 
far  as  leaf  Aiel  'a  eonoemed,  that  an  Ineendlaiy  operatloa  saa  be  carried  oa  earljr  ta  the  diy 
aeaaon,  provided  that  a  prior  desiccation  treatment  haa  effectively  deadened  the  leafage. 

Samplea  taken  on  days  following  a  rain  shower  shov  ed  a  much  q^lcker  dicing  of  leaf 
litter  and  attached  dead  leaves  than  was  expected.  After  a  heavy  shower  of  .27  inoli,  the 
moisture  content  dropped  rapidly  the  next  day  between  die  h  ura  of  0900  and  1700  and  down  to 
normal  by  the  second  day  (fig.  21). 

These  results  have  important  application  in  mOdil)rb  g  the  specifications  for  burning 
Jungle  fuels.  For  example,  the  1968  ret^lrementn,  which  specified  2  drying  days  as  being 
required  after  a  light  rain  and  5  days  after  \  heavy  rain,  can  now  be  lowered  tel  and  3  drying 
days,  respectively.  A  light  ralncan  be  tedefinedas  one  with  less  than  .20  Inch  of  rain  instead 
of  .10  inch  as  defined  In  1968.  These  changes  In  speclfloi  tlons  will  add  materially  to  the 
number  of  days  considered  favorable  for  burning  at  any  givei  location. 


"Dead**  Twigs 

The  level  of  moisture  content  In  so>called  dead  twigs  a  »d  the  trend  in  moisture  throu^^ 
the  sampling  period  wore  not  soclear  cut  as  for  leaf  Utter  anc  deadattaohed  leaves.  Moisture 
contents  of  Individual  twig  samples  differed  greatly  thxougl  out  the  sampUng  period.  This 
variation  occurred  in  both  the  November-treated  area  and  tbc  January-treated  area. 

Most  samples  showed  a  high  moisture  content  for  tbi<  1/2-inch  twigs  that  had  dead 
leaves.  Hie  average  of  all  .samples  on  rain-freodays  In  the  N  jvember  area  was  85.8  percent 
moisture  content;  In  the  January  area  theaverage  wan  81.4  pc  ‘coct.  These  moisture  contents 
indicate  that  most  of  tho  twigs  were  .not  actually  dead  even  thm  gh  the  leaves  had  turned  brown 
and  may  have  dropped  from  the  twigs. 

However,  mat\y  of  the  "dead"  tvdg  rar<Tiples  on  both  arcat  showed  lov/  moisture  contents. 
Out  of  a  total  of  59  samples,  11  samples  had  moisturo  coatenti  of  only  IS  to  SO  percent.  The 
reason  for  these  lov/  moietura  lovcia  was  not  dpfermlned;  tho  sr  mplcH  may  have  boon  collected 
from  plants  tlintworo  killed  by  tho  spray  treatment.  The  study  \vm  not  dselgned  to  determine 
tlie  proportion  of  total  twig  volume  with  low  moisture  content. 

f 

Regardless  of  tho  apparent  great  variation  In  tv^1g  mo  sture,  tho  results  show  oon- 

oluslvoly  timt  average  moisture  content  of  this  Imporbint  fine  fuel  constituent  is  weU  above 
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(h«  SO  to  40  porooBt  levtl  required  for  ignitloa  and  eMoicat  eombuetloa.  Ihlo  le  paitteularltf 
ImporUat  eiaoe  twlge  ooaiprlee  the  bulk  of  the  ftaofhel  la  die  uadaretory  ehnih  layer  where 
foreet  fire  Ignltlmi  takea  place  (Fig.  tS).  Obvkmsly,  oae  the  moet  preoelag  reaeareh 
problema  la  Fhaee  n  le  devdopmeat  of  doelcoatioo  treatments  that  will  bring  die  moiatnre 
content  of  twigs  down  to  the  lowest  possible  lerdl. 

s 

Ihe  trend  In  moisture  content  of  twigs  during  February  oa  each  area  was  confused  by  the 
variations  between  samples.  Using  all  samples  in  eath  area,  the  results  do  not  show  definite 
trends  in  twig  moisture  through  the  sampling  period.  It  the  samples  with  low  moisture  oonteid 
(13  to  30  percent)  are  removed  from  die  data,  the  remaining  samples  in  both  areas  show 
increases  through  the  entire  sampling  period  for  moisture  content  of  "dead"*  twigs  (fig,  23). 
Ihe  reasonsfor  such  an  increaseia  moisture  oontent  arenot  apparent.  But  die  datado  present 
one  more  reason  for  intenslxication  of  research  cm  die  problem  of  twig  desiccation. 

Green  Leaves  and  Twigs 

All  the  samples  taken  from  living  green  trees  in  die  area  sprayed  in  March  had  hldi 
moisture  content  throughout  the  entire  sampling  period  (fig.  24).  These  data  show  that  all  the 
vegetation  on  any  forest  area  to  bebumed  must  be  effectively  desiccated  ahead  of  burning.  If 
appreciable  green  vegetation  remains,  it  will  add  excess  moisture  to  the  combustion  system 
and  tVlU  materially  lov/er  the  iniensi^  of  any  fin  occurring  in  the  area. 

.  Fuel  Structure  and  rianunability 

The  lower  level  vegetation  at  Duo  Co  did  not  have  the  desired  vertical  continuity  at  the 
end  of  February  (fig.  25).  Dry  leaves,  the  moat  combuctiblo  of  the  fine  fuels,  mainly  had 
dropped  from  the  branches.  Tills  thinlayer  of  new  leaf  Utter  provided  thobulk  of  tho  dry  fOel, 
with  only  sparse  dry  leafage  ronirJnlng  in  the  lower  level  ve^getJitlon.  The  nearly  boro  stems 
of  vines,  shrubs,  raid  c&pUnga,  wltich  wero  not  readily  Ignited,  were  also  too  widely  spaced 
for  ready  burning. 

Woi^cixig  conditions  did  notallow  the  intensive  sampling  required  to  determine  volume  of 
dry  fuel  at  each  vegetation  level.  CcUoctlon  of  a  few  squato^foot  samples  indicated  that  the 
Utter  averaged  about  3  tons  dry  welghrper  aoro. 

Burning  of  sinaU  plots  periodically  diurirg  tho  fiiel  sampUng  period  showed  low  flanuna* 
blUty  of  the  Utter.  Dry  leaf  Utter,  loosely  stacked  to  a  depth  of  a  few  inches  on  lui  area  of  4 
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January  Spray  Area 
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Figtiro  25 

i'JOVEffiBER  SPRAY  AREA-DUC  CO  TEST  SITE 
POOR  VERTICAL  CONTIPiUlTY  OF  LOVJER  VEGETATION 


43 

SECRET 


sictn 


■qutr*  feet,  failed  to  pro^e  an  intenee  fire  when  ignited.  Flame  height  waa  abort,  burning 
rate  waa  alow,  and  heat  releaae  rate  waa  appreciably  lean  than  for  common  foreat  fuela  la  the 
United  Stalea.  Ihe  leavea  remained  intact  after  being  butned;  their  black  oolor  Indloated 
Incomplete  combuatlon. 

• 

Ihe  aame  general  flanonability  charaoterlatlea  ware  obaerved  during  a  teat  of  ipiiUon 
and  fire  build  up  on  February  26.  Thla  teat,  conducted  on  the  area  aprayed  in  November, 
involved  aimultaneoua  ignition  of  32  seta  apaeed  100  -  200  feet  apart.  Each  aet  conalated  of 
1/2  gallon  of  thickened  gaaollne  q)read  over  a  apace  about  10  feet  in  diameter  (llg.  26). 

Althout^  weather  waa  most  favorable,  the  32  Area  burned  slowly  and  did  not  reinforce 
one  another  during  the  limited  fire  build  up.  After  two  houra  none  of  the  fires  had  merged 
with  another;  mapj*  had  died  after  traveling  onlyahort  dlstanoea.  The  remaining  fires  traveled 
slowly  and  burned  the  ground  litter  on  several  acres  during  the  next  few  days. 

Ignition  points  in  thla  test  were  obviously  too  widely  spaced  for  building  an  intense  firs 
under  the  prevailing  ftiel  conditions.  Vertical  continuity  waa  also  Inadequate  to  cany  low 
Intensity  Are  into  the  tree  crowns.  But  low  fUel  flammability  also  appeared  to  be  a  major 
factor  In  Umitlng  Are  behavior. 

Preliminary  testa  of  certain  ignition  andcombustion  charACterlstlea  of  the  Due  Co  fuels 
have  been  made  la  the  laboratory,  using  samples  that  had  been  oven  dried  In  Saigon.  The 
meaaurements  of  leaf  samples  from  Vietnam  were  compared  with  concurrent  measurements  of 
pondcrosaplne  needlea->a  standard  laboratory  fUel  lathe  United  States.  The  procedures  used, 
and  a  complete  Ustlng  of  data  is  shown  in  Appendix  B,  Volume  A. 

Tho  tests  did  not  show  tliat  Initial  Ignition  time  for  dried  loaves  from  jungle  vegetation 
was  ncceosvarily  Uifrerent  thtui  for  the  pino  needles.  laconolstencles  occurred  in  pilot  Ignition 
dehy  between  loaves  collected  while  green  compared  to  leaves  collected  after  they  had  dried. 
It  is  likely  tiiat  the  oven  drying  prcxicoo  resulted  in  loss  of  some  volatile  constituents.  These 
results  will  Le  checked  with  samples  that  have  not  been  oven  dried  before  Ignition. 

A  laboratory  combustion  teat  dldnhow  a  low  energy  release  rate  for  the  Jungle  leaves  as 
compared  to  thepine  needles.  Leaf  fuelbeds paired  withnecdle  fuclbedsof  comparable  density 
showed  relative  releases  in  terms  of  BTU  per  square  foot  per  minute  as  follows: 


44 

SECRET 


SCCRET 


SECRET 


SECRET 


Lmvcs  ooll«eted  when  dend  — 

7  out  of  8  !•••  than  pine  needlea,  with  avtrac*  of  7S  poroent  m  gront, 

Leavoa  coUcotod  while  green  — 

6  out  of  7  leae  than  pine  noedloe,  with  avenge  of  80  percent  aa  great. 

Flame  helgfate  of  leaf  eamplea  prt  viouely  oven  dried  were  in  alleaeee  lower  than  for  the 
paired  needle  sample,  averaging  only  88  percent  as  hl^. 

;  Ash  content  of  Jungle  leaves  was  significantly  greater  than  for  pine  needles,  averaging 
6.92  for  leaves  and  4.01  for  pine  needles,  on  an  oven  dry  basis. 

Determination  of  chemical  and  physical  properties  and  their  effects  on  burning  of  forest 
fuels  should  be  greatly  expanded  in  the  Phase  n  research.  Basic  infonnation  on  flammability 
and  energy  release  Is  needed  for  speoifying  ignition  patterns  and  predlctii^  fire  bdiavlor  in 
incendiary  operations. 

IGNinON  PATTERN  AMD  HRE  BEHAVIOR 

A  targetof  military  interest  was  selected  for  the  operational  trial  of  forest  inoendlarism. 
Ihe  speoified  area  included  HI  square  kilometers  on  ti;e  Chu  Pong  mountain  complex  in  Pleiku 
Province  (fig.  27). 

Moat  of  the  area  was  sprayed  with  Orange  defoliant  between  January  24  and  February  6, 
1966.  Reaction  of  the  herbloido  applied  at  this  time  of  year  was  greatly  delayed.  Additional 
defoliant  (Blue)  was  added  on  February  22  and  23  Inan  attempt  toobUin  maximumposeible  fuel 
desiccation.  Ihls  defoliant  covered  a  critical  comer  and  some  of  the  greenest  patches  of 
forest  within  tlie  original  area  and  includod  additional  area  ou.jide  the  western  boundary. 
Bombing  boxes  v/ere  adJUEted  to  include  the  now\,^  eprayed  area. 

The  initial  c’ato  for  bumlrg  was  poetponed until  March  3  to  allov/  time  for  desiccation  of 
the  fuel.  By  thr.t  time,  portions  of  the  »rea  sprayed  v.1th  Orange  Imd  turned  brown,  but  little 
effect  wan  apparent  from  the  Blue  application.  Enin  forced  cancellation  of  the  initial  date. 

The  area  waa  fired  on  March  11,  1963,  Between  1430  end  1420,  fifteen  B-52  alroraft 

dropped  255  M-SS  Inoendlary  clucters  on  tlio  target  arcvt.  Thio  firir3  wris  followed  after  1430 

by  11  napilm  soi-tlon  (0  F-4  and  5  F-lOO)  along  tho  upwind  siclo  of  the  target  area, 
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Tht  ordnance  rc<iulrcinenta  for  this  mlfcton  were  baeed  on  formulae  developed  by  the, 
Dikewood  Coxfioratienfor  predlotlngflreatormforxnatlonlo  cities.  Mbdlflcatlons  andtechnlcal 
Input  data  re<iuired  to  adapt  dte  formula  to  Vietnamese  forest  Conditions  weio  supplied  by  the  , 
Forest  Senrlee.  Details  of  the  rationale  are  contained  la  Appendix  C.  Volume  n. 

The  calculations  predicted  that  firestorm  formation  would  occur  only  If  eoalescense  of 
fires  occurred  in  60  minutes,  or  less,  and  if  indraft  velocities  of  35  m.p.h. ,  or  higher,  were 
reached  within  30  minutes  of  Ignition.  With  the  fUel  conditions  assumed  for  Chu  Pong,  an 
average  spacing  of  145  fee(  between  initial  sets  would  be  required  for  firestorm  production  on 
a  65  square  kilometer  area,  using  the  M-74  bomblct  in  the  M-<35  configuration.  For  the  21 
square  kilometer  area  finally  selected,  the  spacing  requirement  waa  125  feet. 

But  the  ^eing requirement  would  be  relatively  insensitive  to  bomb  else.  For  example, 
the  required  spacing  for  65  square  kilometers  would  bo  210  feet  for  600-pound  napalm  bombs 
to  get  the  same  firestorm  effect.  '^Is  means  that  29  such  napalmborabs  would  be  required  to 
equal  one  M-35  cluster  that  weighs  only  750  pounds. 

In  die  C3m  Pong  operation,  many  of  the  initial  fires  merged  and  developed  a  strong  con¬ 
vection  column  reaching  to  22, 000  feet,  with  assumed  strong  indrafts,  within  the  prescribed 
length  of  time  (fig.  28).  But  flames  did  not  carry  throu^  the  tree  canopies  to  produce  the 
desired  firestorm.  Even  so,  the  total  reaction  appeared  to  be  only  slightly  short  of  this  goal. 

It  is  Uliclythat  tfao  Input  data  on  volume  of  fuel  and  its  chnracteristlos  were  In  error,  and 
that  the  basic  formula  Is  still  applicable  to  forest  incendiary  operations. 

For  fuel  conditions  at  Chu  Pong,  which  were  somewhat  less  favorable  than  predicted,  the 
calculated  125  feet  for  ovcrallaverago  spacing  of  sets  was  too  great.  Examination  of  the  post 
etrlko  pliotos,  as  v/cUas  tho  movies  taken  during  the  operation,  chow  that  fully  effective  burn¬ 
ing  did  occur  lav  cett'iln  "bombing  ctrlpa"  v.iicre  corwentrstlon  of  horablets  appeared  to  bo 
greater  tbaa  or.o  per  SC-foot  cpacirg  (fig.  29). 

Proper  crXrjuIailoas  of  required  f  j.ilUr/Qpa,tter5is  tiro  vital  la  planning  Incendiary  opera¬ 
tions.  livo  nusMborofany  liioendlsvy  brdaanoo  roquired  tolgalto  tinarca  will  vary  as  tlio  square 
cf  the  roclprocel  cC  the  spacing.  Jn  oUior  words,  If  spacing  distance  between  sets  Is  cut  in  ' 
half,  the  or&^artco  requirement  will  bo  Increased  four  times.  For  this  reaoon,  investigation 
of  ignition  pattern  requiroieonts  will  be  Intcnotfied  during  the  Phase  n  research.  Included  in 

tlie  study  will  be  a  sencitivlty  analysis  of  the  Dikewood  equations, 

48 

SECRET 


Figure  29 


IKCEE'^’DSAP.SES  TEfilDEO  TO  CLUSTER  STRIPS 
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Fleur*  30 


CsfJ  OP'ERATSOKAL  TEST 
1409-1430  HOEIPrS  11  f^ARCH,  1266 
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OPERATIONAL  GUTOEUWES^lH^-eT 


Procedure 


1.  Conduct  die  iaoendlazy  opeimtloncwithln  portion  of  Vlotnam  that  has  Uttlo  or  no 
ralsiiU  (hiring  tho  NE  monaoon  aoaaoa. 

2.  Applb^  hatbloldal  apray  to  dealooate  th«  fine  fuela  bofoxo  burning.  ■ 

The  standard  Orange  dosiceant  is  recommended.  Apply  it  ufter  tree  leaves  are  fUUy 
formed,  but  while  leaf  and  twig  tlssuesare  still  tender.  Best  spraying  date  probably  is  in  late 
October  or  early  November. 

3.  Make  a  trialof  double  epraying  onat  least  one  area,  or  a  portionof  a  large  area.  On 

an  area  already  sprayed  with  Orange,  apply  a  <{uick-aoting  herbicide  such  as  Black.  The 
purpose  is  to  desiccate  those  ground  level  species  that  are  not  susceptible  to  Orange.  Apply 
the  second  spray  about  10  days  before  the  planned  burning  date.  __ 

4.  Select  a  date  nndhour  for  TOT.  Burning  in  early  Jcjauary  at  hour  1400  ie  euggeeted. 
Itio  date  should  bo  at  least  4  weeks  after  the  Orongo  spray  has  been  applied;  delay  setting  the 
date  until  all  leafage  has  turned  brown.  Attempt  to  burn  before  natural  leaf  fall  of  deolduous 
plarts  has  etorted.  v/hich  probably  vdll  bo  February  1,  or  earlier. 

Attempt  to  aeloct  the  pla:u:ed  tr^rget  date  to  ooincldo  with  favorcblo  buroing  days  within 
a  short-term  wet  aor  cycle,  If  cush  cycles  can  be  Idei'^Jficd  by  the  foxccaeting  e;;pcrts.  This 
V.111  cTIov/  firmer  <8-ho:.\y  for^^of  sic,  end  it  v/iU  give  more  RGsuranco  that  tho  weather  will  be 
fawrablc  o-i  tho  plaaued 

If  operaticysRHy  fosxiblo.  nis-ko  tlic  fhJR?.  ct  IscUcn  of  tor j'oi  only  4  to  C  days  rJiead. 

This  will  rllow  boltor  fit  within  wearjicv  cycles. 

Also.  If  cperatioirJIy  feneible.  sot  up  n  eliding  data  that  can  be  changed,  If  necessary, 
at  48-Iiour  intervals. 
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9.  lltk*  dftUjr  foNoattfl  of  tii«  Mp«ot«d  wMthtr  at  1400  for  oidi  target  am.  8Urt 
ferooaoU  a  few  aroaka  preeadlag  tiie  e]q>ect«<t  data  cf  tiumliig. 

9.  Start  bodi  S4-hoar  and  48-hoar  foreoastethrea  daya-befora  dioplaaiied  data  of  burn¬ 
ing.  If  tha  laat  94-hour  foreeaat  ia  favorabla,  maka  forooaata  at  18,  12,  and  8  houra  ahead 
of  TOT. 

Tha  forooaata  ahoukT  Inbhida  information  on  praoipitation,  air  tamperatura,  ralatlva 
humidity,  cloud  cover,  wind,  and  stability  expected  at  1400. 

7.  Mount  an  aerial  weather  watch  during  dayll^t  hours,  starting  4  days  before  the 
planned  data  of  burning. 

Each  watch  should  report  Indlcaticsis  of  praoipitatloa,  or  lack  of  it,  since  tha  preoading 
watch;  also  report  precipitation  at  tha  time,  oloud  cover,  and  wind. 

8.  Xtostyona  the  date  of  burning  if  rains  occur  on  the  target  area  immediately  ahead  of 
tha  planned  target  data.  The  new  requirements  lor  drying  days  alter  a  rain  are: 

Light  rain  (lesa  than  0.2  inch)—  1  drying  day. 

Heavy  rain  (more  than  0.2  inch)--  3  drying  days. 

A  drying  day  is  definedas  one  in  which  fuel  moisture  content  will  decrease,  finally  down 
to  equilibrium  level.  Specifications  for  a  drying  day  are; 

(1)  No  rain  has  fallen  In  the  preceding  24  hours, 

(2)  Mirdmum  relative  hurctclity  drops  bolow  70  percent. 

(G)  /ifwivaoon  ckud  covr?  is  iceg  lisan  3/8. 


y.  Ijpiito  the  iift'13  overall  of  tho  tar^'ot  ar&a  by  using  a  maeo  Jgnltloa  technique.  Idroiy, 
clofsciv  cpsced,  crr_Ji  firo  ects  v-'Ill  bo 

RsqidremeatE:  for  10C7  can  bo  oalcvJntodnlniply  by  comparison  with  uct'inl  reeults  from 

tho  ISGQ  opojntlonal  test.  The  Ignition  pattoxn  from  M-35  olucters  was  er.tlefactoxy  in  the 

rehtivoly  mrrow  etrii>a  v/ltbln  which  tlio  bomblcts  from  one  illcfit  landed.  However,  the 

pattern  over  the  area  as  a  whole  could  Lave  bocn  improved  by  spacing  *he  strips  so  that  they 
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w«rt  eoBttgu9!'{  Mtaxatod  att«C  ttM  tar|«t  mm.  A  reii|h  ttttvMto  fromtte  pc^:i 

•trlk*  photoc  rn'-.  fiM  cf  ttit  op«ntloa  ladlettM  ttiat  bttv'Mr.  two  aad  thrM  ttaM  m 
lUglita  wooldhavoboeaMqulridtoMtMatolliowtlvtarM.  'Xtuo,  moro  tkam  twlM  u  atiqr 
bonbtota  won  Modod. 


Aik»Ji«rftppro«dila  to  deorouotito  togolrodaverMo  tpaolng  between  4Mts  over  aaentirt 
nron.  A  oekuUted  nverngoof  125  foot  betweenbonbletn  wta  ufed  in  plumlof  tiie  1954  open- 
tton.  1h«  results  indlonted  that  tiila  ^iMing  liioald  bo  grettiy  redtMed.  But  additional  trials 
are  needed  to  determine  the  most  effective  and  cCfioient  spacing.  Assomiiig  an  arbitrary 
Tsduotic;.  of  50  percent  in  ^>aoing  is  required,  die  number  of  bomblet  sets  that  are  reqiuirod 
will  be  four  times  as  great  as  used  in  1969. 


We  recommend  that  die  required  number  of  bomblets  per  unit  of  area  la  1967  be  three 
times  the  number  used  in  1966.  They  should  be  drooled  in  essentislly  the  manner  as  la 
1966|  but  without  spacing  between  die  bombing  strips.  Epaolng  cf  fll{^t  strips,  airoraft  in  a 
flight,  and  foslng  of  bombs  can  be  adjusted  to  deliver  the  best  overall  pattern  and  intensity  of 
Ignition. 
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